He has diverse expertise in human-computer interaction, quality engineering, and simulating human-machine systems. He previously worked on projects related to transfer of training in advanced human-machine systems, usability evaluation of everyday products and services, and research in multimodal systems and virtual environments. His current research interests include virtual reality applications in manufacturing, multimodal interaction design, audio interfaces, advanced usability evaluation techniques, simulating complex human-machine systems, and advanced application of statistical techniques. Dr. Ahmad is a Certified Simulation Analyst and a Certified Six Sigma Black Belt.
Introduction and Background
The National Academy of Engineering forecasts that engineers and technologists will continue to operate in a rapidly changing innovation environment 1 .This is compounded by globalization of economies, diversity of social and business groups, multidisciplinary research trends, and cultural and political forces. Engineering systems are of increasing complexity in energy, environment, food, product development, and communications 1 . Hence, it is imperative to introduce engineering and technology practices in undergraduate education, where students can experience the iterative process of designing, analyzing, building and testing. There is a growing importance for engineering practice, but the engineering profession seems to be held in low regard compared to other professions and industry tends to view engineers and technologists as disposable commodities 2 .
Industrial Engineering Technology prepares "graduates with the technical and managerial skills necessary to develop, implement, and improve integrated systems that include people, materials, information, equipment, and energy 3 ". To do so, a typical Industrial Engineering Technology curriculum provides widespread knowledge in problem solving, management of resources, and process planning. Specifically, "graduates must demonstrate the ability to accomplish the integration of systems using appropriate analytical, computational, and application practices and procedures… must demonstrate the ability to apply knowledge of probability, statistics, engineering economic analysis and cost control, and other technical sciences and specialties necessary in the field of industrial engineering technology 3 ". According to ABET, manufacturing deals with value-added transformations in shape, form or properties of materials 4 . The specific ABET ETAC student outcomes for Engineering Technology are 4 :
a. An ability to select and apply the knowledge, techniques, skills, and modern tools of the discipline to broadly-defined engineering technology activities b. An ability to select and apply a knowledge of mathematics, science, engineering, and technology to engineering technology problems that require the application of principles and applied procedures or methodologies The field of manufacturing is wide, and engineering technologists must understand the manufacturing processes and materials involved in the creation of a useful product 7 . Hence, adopting a unifying model such as the four pillars may aid in streamlining the pipeline in preparing future manufacturing engineers and technologists. The emergence of non-traditional education providers (such as online and hybrid) poses challenges for US higher education institutions. To remain competitive, US universities should re-adapt the way education is delivered, and develop curricula that meets the core competencies required in the market place 8 . At a time when local, state, and national resources for education are becoming increasingly scarce, expectations for institutional accountability and student performance are becoming more demanding. There is a need for more educational innovations that have a significant impact on student learning and performance 9 . The dominant approach for engineering and engineering technology education in the US is based largely on faculty intuition drawn from personal experiences as students and teachers.
This research takes a pragmatic approach to reshape a curriculum of an Industrial Engineering Technology program. It uses the four pillars of manufacturing knowledge to suggest improvement opportunities. The paper proceeds by discussing the method used to carry out the research. After that it provides a summary of the results. The paper concludes by a discussion of the key findings and how to proceed in implementing the identified changes to the curriculum.
Method
This paper uses a case-study approach. The curriculum of an Industrial Engineering Technology program from a university in Louisiana is selected. A faculty team of the Engineering Technology department reviewed the university documentation and catalog information (including course descriptions and dependencies, course syllabi, course competencies, and course assignments) to develop a curriculum map in flowchart format. The faculty team used course descriptions, syllabi, competencies and assignments to link the courses of the selected Industrial Engineering Technology program to the four pillars of manufacturing knowledge. After that, a matrix approach is used to conduct a gap analysis of the selected Industrial Engineering Technology program against the components of the four pillars of manufacturing knowledge model. The gap analysis is used to identify opportunities of improvement and suggest changes to course descriptions and possible courses to add to selected Industrial Engineering Technology curriculum. The suggested improvements are used to create a revised curriculum map and a plan to implement the recommendations.
Results and Discussion
The selected Industrial Engineering Technology program has both major and support courses to prepare graduates for technical and supervisory careers in a variety of industries. The program combines technical knowledge with communications skills and teamwork to provide the flexibility needed in today's rapidly changing marketplace. Figure 1 depicts motion economy; development of ratings, allowances, standard data, formula construction, work sampling, wage payment and performance training.  Material Handling: Material handling as related to manufacturing, warehousing and distribution centers. Topics include methods of movement, storage, inventory control, and retrieval.  Engineering Economics: Principles and applications of economic analysis presented through engineering-oriented examples. Introduction and definitions of economic factors, analysis methods for evaluating alternative choices, and decision making tools for realworld situations.  Manufacturing Facilities: Study of the planning processes for facilities location and design, material handling equipment, and manpower requirements. Analysis of production line requirements, assembly line balancing, and automation.  Quality Control: Methods and procedures employed in industrial quality control, theories of measurement, error, prediction, sampling, tests of significance and models.  Manufacturing Processes: Design, economics, and control of manufacturing processes.
Methods engineering, job shop and automation practices; machining and fabrication processes.  Elements of Occupational Supervision: Preparation, training, and problems of the supervisor.  Project Design I: Principles of project management and engineering economics.
Development of proposals for senior design project.  Project Design II: This is a capstone course for engineering technology majors. Students will work with a professor to design a project that reflects several aspects of the student's curriculum. Group work. Students will prepare a written project report and give an oral presentation.
The courses from the selected Industrial Engineering Technology program are mapped to the components of the four pillars of manufacturing knowledge (e.g., Materials and Manufacturing Processes, etc.), and the results are depicted in Once implemented, these changes to the selected Industrial Engineering Technology curriculum will bring it closer to meeting the needs suggested the four pillars of manufacturing engineering model. The changes will be implemented in a phased approach, where modifications to existing courses will be documented in course syllabi and descriptions. This will require incorporating student assessment metrics related to Personal Effectiveness and Materials within the courses. After that, the courses on Operations Management and Process Control will be added to the curriculum, along with proper prerequisites and student assessment metrics. In order to add the courses, they will be first discussed with the Industry Advisory Committee, and other program constituents. Currently, the selected Industrial Engineering Technology program requires three electives; hence adding the courses on Operations Management and Process Control will not result in reducing the content of courses somewhere else. The reduction of amount of electives may result in a loss to the customization available to students pursuing the Industrial Engineering Technology degree, and future program revisions with input from the Industry Advisory Committee, and other program constituents, will examine options to restore program customization and flexibility. 
